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Abstract: In this study, 4 experimental groups and 1 control group containing adult mice (Mus musculus var. albinos) were used to
examine the effects of 2 different cadmium compounds, namely cadmium para hydroxybenzoate, which was newly synthesized, and
cadmium chloride on the liver of mice. In various test concentrations, both cadmium compounds were intraperitoneally injected into
adult mice every day for 15 days. With standard histological techniques samples were obtained from the livers of the mice. Slides
were prepared and examined with light microscopy (Nikon Eclipse E600) and histopathological structures were observed.
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Kadmium Bileﬂiklerinin (Kadmium Parahidroksi Benzoat ve Kadmium Klorür)
Eriﬂkin Fare Karaci¤eri Üzerine Etkileri
Özet: Bu çal›ﬂmada, iki farkl› kimyasal bileﬂik olan kadmium klorür ve yeni sentezlenen kadmium parahidraksi benzoat›n fare
karaci¤eri üzerine etkisini araﬂt›rmak üzere eriﬂkin fareler (Mus musculus var. albinos)’den oluﬂan dört deneysel grup ve bir kontrol
grubu kullan›ld›. Çeﬂitli test konsantrasyonlar›nda her iki kadmium bileﬂi¤i onbeﬂ gün sureyle her gün intraperitoneal olarak eriﬂkin
farelere enjekte edildi. Standart histolojik metotlarla örnekler fare karaci¤erlerinden elde edilip, preparatlar haz›rlanarak ›ﬂ›k
mikroskobu (Nikon Eclipse E600 ) ile incelendi. Histopatolojik yap›lar gözlendi.
Anahtar Sözcükler: Kadmium bileﬂikleri (Kadmium parahidroksi benzoat ve Kadmium klorür), kupffer hücreleri, karaci¤er ve fare

Introduction
Cadmium (Cd) is a ubiquitous environmental
pollutant (Cherian and Goyer, 1989). It is not
nutritionally essential, but is a toxic element, instead
interacting with the metabolism of 3 essential metals:
calcium, zinc and iron (Dudley et al., 1982). Cd enters
the human body via food, particularly through leafy
vegetables, grains, and cereals. Cd is toxic to several
tissues, most notably causing hepatotoxicity upon acute
administration, as well as nephrotoxicity upon chronic
exposure (Solaiman et al., 2001). Cd accumulates in the
liver and kidneys and has a long biological half-life of 1730 years in humans (Goyer, 1997; Jeong et al., 2000).
The liver is the primary target organ following acute
systemic Cd exposure. The uptake of Cd into the liver is

critical for the development of overall toxicity induced by
the heavy metal. Approximately half of Cd absorbed
systemically is rapidly accumulated in the liver, which
results in the reduced availability of Cd to such organs as
the kidneys and testes, which are more sensitive to its
toxic actions (DelRaso et al., 2003). Production of
reactive oxygen species and oxidative tissue damage due
to Cd have been associated with hepatotoxicity. It has
been demonstrated that Cd produces both dose- and
time-dependent increases in intracellular glutathione
concentration during chronic environmental or
occupational exposure at low doses. However, with highlevel acute Cd exposure, significant glutathione depletion
occurs. Moreover, Cd is known to cause a reduction in
glutathione content in isolated hepatocytes (Chin and
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Templenton, 1993; Goyer and Cherian, 1995; Sugawara
et al., 1997; Soto et al., 2002). Liver injury due to acute
Cd exposure is dominated by apoptosis and necrosis.
Apoptosis seems to play a major role in eliminating
damaged cells and its participation is profound in nonparenchymal liver cells where it represents the major
type of cell death (Tzirogiannis et al., 2003). Histological
evaluation of liver injury reveals that acute toxicity
comprises hepatocellular swelling, sinusoidal congestion,
pyknosis, and karyorrhexis (Dudley et al., 1982). Cdinduced hepatotoxicity has been shown to cause early
cellular changes in the rough endoplasmic reticulum and
nucleus (Dudley et. al., 1984). Later alterations include
mitochondrial swelling and the appearance of fibrillar
material within the cytoplasm (Habeebu et al., 2000).
Several reports have addressed the direct mechanism of
Cd-induced hepatotoxicity at the sub-cellular and
molecular level. Sub-cellular localization of Cd
demonstrates that Cd is distributed to the nucleus
mitochondria and endoplasmic reticulum, which localizes
Cd in target organelles (Goering and Klaassen, 1983).
Furthermore, Cd administration may also bring about
DNA damage (Harstad and Klaassen, 2002). Mutagenic
effects of Cd have been extensively studied in
microorganisms (Swapna et al., 2001). Cd accumulates
in human ovaries, depending, in particular, on age and
smoking habits. There are reports of historical changes
and higher Cd accumulation in the placenta of smoking
mothers (Piasek et al., 1996). Low Cd concentration
measured in human fetuses indicates that the placenta is
not a complete barrier to Cd, but vitamins may be
inhibited by placental Cd accumulation. In males, on the
other hand, low acute Cd dose causes depression in both
steroid and sperm production (Copius PeereboomStegeman, 1989). There is sufficient evidence in humans
of the carcinogenicity of Cd and Cd compounds, and the
overall evaluation was that compounds containing Cd are
carcinogenic to humans (Sorahan and Lancashire, 1997).
This study was conducted to show the effects of 2 Cd
compounds (cadmium para hydroxybenzoate, newly
synthesized, and cadmium chloride) on healthy mice.

Materials and Methods
Animals
The study included 4 experimental groups and 1
control group of mice (Mus musculus var. albinos)
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weighing 30-35 g that were obtained from the
Veterinary Research Institute of Erzurum, Turkey. Each
group was composed of 5 mice (2 male and 3 female).
The animals were housed in 7 cages (5 per cage) in a
temperature-controlled room (19-20 °C) with a 14 h/10
h light and dark cycle. They were fed pellet chow
purchased from a commercial company, which consisted
of barley, wheat, maize, oats, cotton seeds, sunflower
seeds, lentil, carob, limestone, salt, ash, some minerals
(calcium, phosphorus, and sodium), vitamin A, vitamin D3,
and vitamin E. They had ad libitum access to tap water.
The animals were handled with humane care in
accordance with National Institute of Health guidelines.
Chemicals
Cd para hydroxybenzoate Cd(PHB)2 and Cd chloride
(CdCl2) were obtained from the Chemistry Department of
the Arts and Sciences Faculty of Kafkas University. In the
preparation of the chemical solutions, first 1 g of
Cd(PHB)2 was dissolved in 249 ml of distilled water, then
1 ml of this solution was diluted with 249 ml of distilled
water. Finally, 1 ml of that solution was again diluted
with 249 ml of distilled water. The CdCl2c solution was
prepared in the same manner. The dose of the chemical
compound (CdCl2) to be injected into experiment animals
was determined according to Kuester et al. (2002). Equal
dose of Cd(PHB)2 and CdCl2 were given to compare the
effects of the chemical compounds on the mouse liver.
Cd compound solutions were intraperitoneally injected
into the animals at the dose of 0.1 ml and 0.2 ml every
day for 15 days. To each of the mice in group II, 0.1 ml
of Cd(PHB)2 solution was intraperitoneally given by
injection, and 0.2 ml of Cd(PHB)2 solution was
intraperitoneally injected into the mice in group III. The
mice in group IV were intraperitoneally injected with 0.1
ml of CdCl2 solution and 0.2 ml of CdCl2 solution was
intraperitoneally injected into the mice in group V. All
injections were made under light ether anesthesia at
0900 every day for 15 days. Animals were killed with
ether anesthesia between 09.00 and 11.00 on day 16.
Histopathology
To prepare tissue specimens, Harstad and Klaassen
(2002) were followed.
Liver samples were taken consistently from the
frontal lobe and processed by standard histological
techniques. Briefly, samples were fixed in formalin for 24
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h and then switched to ethanol for storage. Liver sections
were processed routinely and embedded in paraffin
blocks. Slides were prepared (3-5 µm thick), stained with
hematoxylin and eosin, and analyzed for pathology by
light microscopy (Nikon Eclipse E600).

Results
In the control group, no anomalies were observed on
the slides prepared from specimens that were taken from
the frontal lobes of the livers. Branches of the portal vein,
ballast ducts, and hepatic artery were clearly seen. Nuclei
of hepatocytes were clear. Properties of blood observed
in sinusoids of the liver and in the lumen of the vena were
normal (Figure 1). Cellular infiltration in the same portal
taken from the control group was significant (Figure 2).
In the 2 groups in which each mouse was injected with
0.1 ml of Cd(PHB)2 and CdCl2 solutions, 3 of the 5 mice
died. Data obtained from group IV showed that the
number of cells in the portal vein increased, and
hepatocytes were clearly observed. Dense and dark
particles in kupffer cells were seen (Figure 3).
It was determined that dark particles in the cytoplasm
of kupffer cells existed, but hepatocytes were not seen in
detail because of the fact that cell membranes were
eliminated so that their nuclei were seen (Figure 4). It
was observed that the tissue of the liver degenerated due
to the fact that Cd(PHB)2 flowed from the portal vein and
central vein to the peripheral area. It was demonstrated
that snaps and degenerations of sinusoids took place
because of Cd(PHB)2. The number of hepatocytes close to
the central vein were very sparse due to Cd(PHB)2:
however, very dense and dark bodies around the central
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vein were clustered, and these clusters may have come
into being due to chemical substances. The linear
arrangement of hepatocytes in the area around the
central vein was wholly degenerated (Figure 5).
Moreover, in the liver tissue some cavities came into
existence and the tissue was degenerated. These data
show that Cd (PHB)2 had an impact on the hepatocytes
(Figure 6).

Discussion
The results of the present study demonstrate that
there were dramatic differences between the effects of
the chemical compounds administered to the mice. After
intake into the body, Cd is first absorbed by the intestine
and transferred to the liver, accumulating and gaining
toxic effect over years. Data based on the preparations
obtained from the specimens used in the control group
were the same as the data present in histology books
(Figure 1). The focus of infiltration demonstrates that
animals in the control group might be exposed to
infection. This case can exist due to environmental
conditions (Figure 2). The reaction of Kupffer cells
against classically known substances is in agreement with
data obtained from reference materials (Kuester et al.,
2002). Apoptosis is a process of active cell death, distinct
from necrosis, and characterized by specific
morphological and biochemical features. There was a
progressive increase in the severity of necrosis, the
apoptotic index, and the mitotic index with increasing
doses of Cd. These data demonstrate that apoptosis is a
major mode of elimination of critically damaged cells in
acute Cd hepatotoxicity in mice (Habeebu et al., 1998).
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Figure 1. Mature control mouse liver. V: portal vein; S: ballast duct;
H: hepatocytes. H-E, 40×.

V

S

Figure 2. Mature control mouse liver. V: portal vein; S: ballast duct;
H: hepatocytes; I: infiltrated cell groups, H-E, 20×.
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Figure 3. Blood properties after injection of 0.1 ml of CdCl2 into mice.
V: portal vein; F: kupffer cells. H-E, 20×.

Figure 4. Kupffer cells seen after injection of 0.1 ml. CdCl2 into
animals. F: kupffer cells. H-E, 40×.
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Figure 5. Portal vein, hepatocytes, and central vein seen after injection
of 0.1 ml of Cd(PHB)2 into mice. V: portal vein;
H: hepatocytes; Vc: central vein. H-E, 10×.

Figure 6. Hepatocytes and central vein seen after injection of 0.1 ml of
Cd(PHB)2 into mice. H: hepatocytes; Vc: central vein. H-E,
20×.

Exposure to these chemical agents results in
hepatocellular necrosis because of the fact that the
membranes of hepatocytes cells are eliminated,
depending on the chemical substance injected into the
animals. Substances (Cd para hydroxybenzoate) injected
to the animals of the experiment animal groups induced
severe hepatic injury. Hemorrhagic lesions (Figure 3) and
coagulative necrosis are widespread throughout the
hepatic lobules (Figure 5). The substance flowing from
the portal areas and central vein to peripheral areas
caused the destruction of liver tissue (Figure 6). The
cytoplasm of hepatocytes (Figure 6) around the central
vein was densely filled with the substances in comparison
to the hepatocytes of the control group (Figure 1);

however, peripheral hepatocytes were less affected. The
flow of substances from blood at the same plane as the
central vein was clearly observed, and it was seen that the
chemical compound made some emptiness in the tissue
under 20 × 10 magnification, indicating that necrosis
took place in the liver tissue (Figure 6). The substance
used in this group completely affected the hepatocytes.
Consequently, it was shown that the tissue that
comprised the liver began to collapse. This experiment
indicated that the effect of Cd(PHB)2 on the liver was
more destructive than that of CdCl2. There have been a
sufficient number of studies with CdCl2; however, this
study is the first conducted with Cd(PHB)2.
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